Introduction: The aim of this study is to assess the cost-effectiveness of golimumab for the treatment of non-radiographic axial spondyloarthritis (nr-axSpA) vs. conventional therapy and other tumor necrosis factor inhibitors from the Scottish payer perspective. Methods: A model comprising a short-term decision tree and a long-term Markov model was developed to compare cost-effectiveness (incremental costs per quality-adjusted life-year [QALY]) for patients in Scotland with nr-axSpA treated by conventional therapy, adalimumab, certolizumab pegol, etanercept, or golimumab for a lifetime period. A network meta-analysis (NMA) was conducted to identify clinical and safety data for treatments and synthesize the available evidence into relative treatment effects between comparators. The probability of patients achieving an Assessment of SpondyloArthritis International Society 20/40% response criteria (ASAS20/ASAS40) or a 50% improvement in Bath Ankylosing Spondylitis
Disease Activity Index score (BASDAI50) at week 12 was obtained from the NMA for each of the comparators. Baseline health state utilities were based on the EQ-5D questionnaire collected in the golimumab GO-AHEAD study. The cost of treatment was calculated based on drug acquisition, drug administration, and initiation/monitoring costs. Results: Golimumab resulted in an increase of 2.06 QALYs and additional cost of £39,770 compared with conventional therapy. Incremental cost per QALY gained was £19,280 for golimumab, which was lower than adalimumab (£19,737), etanercept (£20,089), and higher than certolizumab pegol (£18,710). Golimumab remained cost-effective throughout a range of sensitivity analyses where key assumptions were tested. Conclusions: From a Scottish perspective, golimumab was a cost-effective treatment for nraxSpA compared with conventional therapy at a willingness-to-pay threshold of £30,000 per QALY. Funding: Merck & Co., Inc.
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INTRODUCTION
Axial spondyloarthritis (axSpA) is a group of chronic, inflammatory diseases, primarily characterized by inflammation of the spine and sacroiliac joints [1] . The most commonly occurring form of axSpA is ankylosing spondylitis (AS), with radiographic structural changes in sacroiliac joints being the most important criterion for a clinical diagnosis [2] . In 2009, the Assessment of Spondyloarthritis International Society (ASAS) developed new classification criteria in order to better characterize the group of patients with typical features of axSpA, such as the presence of inflammatory back pain and positive human leukocyte antigen B27 (HLA-B27), but the absence of any definitive radiographic evidence of sacroiliitis [3] . This subpopulation is classified as having non-radiographic axial spondyloarthritis (nraxSpA) [3] . Both European data and Scotlandspecific data on the prevalence of nr-axSpA are very limited because of the different diagnostic criteria adopted in identifying patients with nraxSpA based on symptom duration, and varying availability of diagnostic tools. In Europe, the proportion of nr-axSpA among axSpA patients is estimated to be 23-80% [4] . The use of the ASAS classification criteria in identifying nr-axSpA patients in clinical practice was reported to be approximately 52% (ranging from 24% in Germany to 75% in Spain) by a recent European cross-sectional study [5] .
Some nr-axSpA patients will progress to AS later in their disease course while approximately 30% will never develop radiographic sacroiliitis despite persistent inflammatory back pain [4, 6] . Studies report that the factors associated with disease progression include male sex, high level of inflammation (as demonstrated by C-reactive protein level), and longer symptom duration [7] [8] [9] . Patients treated with a tumor necrosis factor inhibitor (TNFi) also have slower rate of disease progression, compared with patients who have never been treated with a TNFi [5] .
Regardless of whether progression to AS occurs, nr-axSpA can have substantial negative impacts on patients' daily activities and quality of life due to disease-related symptoms and treatment-related adverse events, as well as the functional effects of living with the disease. A number of studies have shown that physical function is considerably impaired among patients with nr-axSpA, as assessed with the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and the Bath Ankylosing Spondylitis Functional Index (BASFI), with the Bath Ankylosing Spondylitis Metrology Index (BASMI) being used to assess spinal mobility [7, 8, 10, 11] . Studies have shown that, compared with axSpA, nr-axSpA has a greater impact on productivity, both at home and in the workplace [12, 13] . As would be expected, these effects translate to an increased economic burden, with healthcare-resource utilization and lost productivity resulting in approximate mean 3-year costs of between €5000 and €38,000 in a mixed cohort of SpA patients, the majority of whom had nr-axSpA [14] .
Non-steroidal anti-inflammatory drugs (NSAIDs) are recommended as first-line treatment for nr-axSpA by ASAS and the European League Against Rheumatism (EULAR) [15] . Some patients respond well to initial treatment with NSAIDs, but a considerable proportion of patients have an inadequate response and will need subsequent treatment such as TNFi therapy to control persistently high disease activity. Currently, there are four TNFis (adalimumab, certolizumab pegol, etanercept, and golimumab) with marketing authorization for the treatment of nr-axSpA in Europe, when patients have high disease severity despite adequate NSAID treatment (a minimum of two NSAIDs for a minimum of 4 weeks) [15] . In addition, golimumab, adalimumab, etanercept, and certolizumab pegol are recommended by the Scottish Medicines Consortium (SMC) for the treatment of patients with nr-axSpA [16, 17] .
Golimumab is a once-a-month, subcutaneously injected treatment for nr-axSpA that has been approved for previously treated nraxSpA in Europe. GO-AHEAD, a 16-week, phase 3, placebo-controlled randomized trial, demonstrated the efficacy and tolerability of golimumab in patients with nr-axSpA who were not responding to NSAIDs [18] . Significantly more patients in the golimumab group achieved ASAS 20% response criteria (ASAS20), compared with the placebo group at week 16 (71.1 vs. 40.0%, P \ 0.0001), when looking at the full analysis set. In part 2 of GO-AHEAD, where patients in the golimumab group continued to receive golimumab, and patients in the placebo group crossed over to receive golimumab, the proportion of ASAS20 responders in the golimumab/golimumab group continued to increase from week 16 to week 32, and in the placebo/golimumab group, there was a notable increase in patients achieving ASAS20 after switching to golimumab [18] .
The objective of this analysis was to assess the cost-effectiveness of golimumab for treatment of nr-axSpA vs. conventional therapy (including NSAIDs, cyclooxygenase-2 inhibitors, steroids, gastro-protectants, bisphosphonates, and physiotherapy) and other TNFis, namely adalimumab, certolizumab pegol, and etanercept, from the perspective of payer in Scotland.
METHODS

Study Design
A static decision model comprising an initial, short-term decision tree and a Markov model was developed for Scotland to compare cost-effectiveness outcomes for patients with nr-axSpA treated with conventional therapy, or TNFis. The decision tree modeled the potential for continuation or discontinuation of patients from TNFis based on response to treatment at 12 weeks. The first cycle of the Markov model then started, with the first transitions between Markov health states being applied at 24 weeks.
The model incorporated the BASDAI, BAS-DAI50, ASAS20, and ASAS40 scores. BASDAI is a validated instrument completed by patients, consisting of six 10-cm horizontal visual analogue scales (VAS) to measure severity of fatigue, spinal and peripheral joint pain, localized tenderness, and morning stiffness, with the final BASDAI score ranging from 0 to 10 [19] . BAS-DAI50 has been recommended by the ASAS as the response criterion used to determine treatment success. The ASAS score is a composite measure, comprising a 10-cm horizontal VAS for pain, inflammation, well-being, and function. Improvement in three modalities by 20% or more, without deterioration in the fourth modality, constitutes an ASAS20 response, and 40% or more an ASAS40 response [20] .
This study is a modeling study using data derived from previously conducted studies, and does not contain any new studies with human or animal subjects performed by any of the authors.
Model Structure
Decision Tree
The decision tree provided estimates of expected costs and outcomes over the short term (Fig. 1a) . Patients were initially managed with either a TNFi or conventional therapy. The model assumed that no patient discontinued conventional therapy and that no switching between different types of conventional therapy occurred. For patients who started treatment with a TNFi, a probability of remaining on TNFi treatment was assigned based on response to treatment (achieving ASAS20, ASAS40, or BAS-DAI50) informed by data from the GO-AHEAD study. Very few patients (\ 5%) discontinued golimumab treatment prior to week 12 of GO-AHEAD. It was therefore assumed that discontinuation of TNFis did not occur prior to week 12. Discontinuation at week 12 occurred if the patient did not have a treatment response according to the efficacy results. As there are no published data on long-term persistence with the modeled TNFis in a large Scottish or UK population of patients with nr-axSpA, following week 12 an annual rate of discontinuation of 5% was assumed in the model base case. Responders were assumed to stay on the same TNFi treatment and not switch to a second TNFi. Non-responders to TNFis who switched to conventional therapy remained in that state for the remainder of the model.
Markov Model
The Markov model provided estimates of expected costs and outcomes over the long term (Fig. 1b) . Patients entered the Markov model following the initial decision tree. The Markov For patients who discontinued treatment, the transition from the 'TNFi Treatment' state to the 'Discontinued Treatment' state was assumed to take 24 weeks (two cycles). Discontinuing patients first moved to the 'Just Discontinued' tunnel state and remained in that state for one cycle and then moved to the 'Discontinued' tunnel state and remained in that state for one cycle. Patients in the 'Discontinued Treatment' state were thereafter assumed to receive conventional therapy alone. Patients could die while in any of the health states. nr-axSpA Nonradiographic axial spondyloarthritis; TNFi Tumor necrosis factor inhibitor model comprised defined, mutually exclusive health states through which patients transitioned at a rate, which was dependent on the rate of disease progression and the age-/sexspecific standardized mortality rate (SMR) (patients could die while in any of the health states) for people with nr-axSpA, which was assumed to be the same as for patients with AS [21] . A 12-week model cycle was used. Cost and utility data were summed by treatment arm as the model progressed cycle by cycle, allowing for the calculation of incremental costs and effectiveness per treatment.
Patients treated with a TNFi either stayed on treatment or discontinued. The proportions of patients discontinuing treatment were assumed to be the same for all TNFis. An annual discontinuation rate of 5% was applied for the remainder of the model time horizon, informed by the golimumab arm in the GO-AHEAD study.
If discontinuing treatment, patients first moved to the 'Just Discontinued' tunnel state and remained in that state for one cycle and then moved to the 'Discontinued' tunnel state and remained in that state for one cycle. Tunnel states are modeled to assist with modeling a linear resolution of treatment effect following treatment discontinuation over a 24-week period. Patients then moved to the 'Discontinued Treatment' state. It was assumed once entering the 'Discontinued treatment' state patients' disease progression rebounded to the level as if they had been treated with conventional care alone. Patients in the 'Discontinued Treatment' state were thereafter assumed to receive conventional therapy alone. Patients could die while in any of the health states.
Efficacy Measurements
There are no head-to-head trials investigating the efficacy and safety of golimumab compared to other TNFis, and data informing comparative efficacy between treatment options of nr-axSpA are very limited. Therefore, a systematic literature review (SLR) and a network meta-analysis (NMA) were conducted to identify all relevant treatments and synthesize the available evidence into relative treatment effects between comparators. Conventional therapy, adalimumab, certolizumab pegol, and etanercept were included as comparators in the model based on their relevance to current clinical practice in managing nr-axSpA.
GO-AHEAD compared golimumab to conventional therapy, providing direct evidence on the comparative efficacy of these two treatments. As well as GO-AHEAD, the SLR identified published data from the comparator trials, including two phase 3 trials investigating adalimumab [22, 23] , one phase 3 trial on certolizumab pegol [24] , and two phase 3 trials on etanercept [25, 26] . In each trial, the TNFi was compared to conventional therapy. The relative treatment effects were established by the NMA based on the identified data in a fixed effects model (as due to multiple treatment comparators only having data from a single trial available, there were insufficient trials to estimate the heterogeneity parameter for a random effects model).
Model Inputs
Transition Probabilities
The probability of patients achieving an ASAS20, ASAS40, or BASDAI50 response at week 12 was obtained from the NMA for each of the TNFis and for conventional therapy. BASDAI50 was used as the efficacy measure in the model base case because this represents the measure for treatment response most commonly used in Scottish clinical practice as informed through seeking expert input.
Disease progression was demonstrated by change in BASDAI and BASFI scores. Baseline BASDAI and BASFI scores were based on baseline scores from the GO-AHEAD study, for both conventional therapy and TNFis, and were assumed to be identical for all TNFis. The magnitude of response to conventional therapy was informed by the change in BASDAI and BASFI scores at week 12 in GO-AHEAD, and the magnitude of response to TNFis was derived from the NMA.
The NMA demonstrated that there were no statistically significant differences in any adverse events, any serious adverse events, or infections (clinically significant opportunistic infections) between TNFis or with respect to conventional therapy.
Utilities
Baseline health state utility values were based on the EQ-5D health questionnaire collected in the GO-AHEAD study alongside the BASDAI and BASFI scores. A regression equation [27] using those baseline EQ-5D scores observed in the GO-AHEAD study was constructed to estimate the average change in EQ-5D score per 1 unit change in BASDAI and BASFI scores. In order to estimate the EQ-5D score at each cycle, the following equation that accounted for age and sex was used to elicit the change in EQ-5D. The average baseline utility score of the cohort was 0.43.
Costs The cost of treatment was calculated based on drug acquisition, drug administration, and initiation/monitoring costs. All treatment strategies included conventional therapy and thus the costs associated with conventional therapy were not included in the model. The unit costs of TNFis were sourced from the British National Formulary [28] . Doses were in accordance with product licences [16, 17, 29, 30] . TNFis were assumed to be selfadministered following instruction from a nurse. The cost of the instruction was £50.00, based on 1 h of patient-related nurse time [31] . This cost was only applied in the decision-tree component of the model (i.e., the first 12 weeks). Initiation and monitoring costs for TNFis were sourced from the National Institute for Health and Care Excellence (NICE) Multiple Technology Appraisal (MTA) for nr-axSpA and were inflated to 2013/14 prices using the Hospital & Community Health Services Pay & Prices Index [32, 33] . Annual disease management costs for nr-axSpA, beyond the treatment costs associated with TNFis, were applied based on a costing equation (NHS cost = 1284.186 * EXP [0.213 9 BASFI]) derived from the Outcomes in Ankylosing Spondylitis International Study (OASIS) [34] . This approach was validated by clinical experts in Scotland.
For adverse event costs, we included a weighted cost of infections and the weights were based on previous Health Technology Assessment submissions [35] . The cost of an infection was counted as a one-time cost and applied for one cycle in the model. The probabilities of infections for each TNFi were derived from the NMA. For simplicity, other adverse events were not modeled, as they would not be expected to have a substantive impact on model results and, even in the case of infection, there was little change in the incremental cost-effectiveness ratio (ICER) in one-way deterministic sensitivity analysis, as described in the Results section.
Model Analyses
The base-case analyses evaluated a lifetime time horizon and applied an annual discount rate of 3.5% to both costs and health benefits based on SMC's recommendations. Clinical outcomes were expressed as gains in quality-adjusted lifeyears (QALYs). Cost-effectiveness was measured in terms of incremental costs per QALY gained, comparing the incremental clinical benefit from golimumab versus other TNFis or conventional therapy.
A one-way deterministic sensitivity analysis (DSA) was used to identify the key drivers of uncertainty in the estimation of the incremental cost-effectiveness of golimumab. The key parameters varied in the DSA included time horizon, age at baseline, proportion of males, 12-week treatment response measure, annual discontinuation rate with TNFis, annual disease progression (conventional therapy), annual disease progression post-week 260 (to account for the uncertainty of the long-term disease progression), data source for infections, longterm disease management costs, and utility decrement per one unit change in BASDAI/ BASFI. For continuous variables, where available, the standard deviation (SD) or standard error (SE) of each parameter was used to define the upper and lower values for the sensitivity analysis. Where the SD or SE was not available, the upper and lower limits of the range were defined either as 100 and 0% or ± 30% of the parameter. All other variables in the model were varied by ± 30% of the parameter.
A probabilistic sensitivity analysis (PSA) was also conducted for 10,000 replications to account for multivariate and stochastic uncertainty in the model from which the probabilistic ICER was calculated. The PSA was based on the base case. Distributions for parameters were based on recommendations by Briggs et al. [36] .
The model was based on the approach used in the previous submission for the NICE MTA (for AS), which was informed by McLeod et al. [27] . Following review of the submission, amendments to that model were made to adapt it to nr-axSpA where required and to address uncertainties raised by the NICE MTA Assessment Group. The model has since been revalidated by an independent health economist.
The results are discussed in relation to the SMC and a Scottish population, with discussion based around a willingness-to-pay (WTP) threshold of £30,000, as well as £20,000 WTP for comparative purposes.
RESULTS
The baseline characteristics of patients used in the base case of the model were informed by the GO-AHEAD trial and are summarized in Table 1 . The mean age of the trial population was 31.2 years (SE = 0.51 years) and 57.1% were male. As expected, disease activity was high for this group of patients (mean BASDAI = 6.5) [18] . Golimumab was associated with better clinical outcomes than conventional therapy, as demonstrated by significantly higher proportions of patients in the golimumab group achieving BASDAI50, ASAS20, and ASAS40 responses (median OR = 3.2, 3.6, and 6.0, respectively). Specifically, 45.8, 64.6, and 51.7% of the golimumab arm achieved a BASDAI50, ASAS20, and ASAS40 response, respectively, compared with 20.7, 33.8, and 15.2% of patients receiving conventional therapy, respectively. When comparing the efficacy outcomes of golimumab with that of other TNFis, results from the NMA show that there is no significant difference (the confidence intervals crossed 1 for head-tohead comparisons with adalimumab, etanercept, and certolizumab pegol).
The total cost of administering golimumab is estimated to be £2667.72 for the first cycle of 12 weeks, and £2195.22 for subsequent cycles, and includes drug acquisition, drug administration, and monitoring costs. Golimumab resulted in an increase of 2.06 QALYs when compared with use of conventional therapy. Incremental costs per QALY gained were £19,280 for golimumab, and £19,737, £18,710, and £20,089 for adalimumab, certolizumab pegol, and etanercept, respectively. Base case results are shown in Table 2 .
Results from the one-way DSA comparing golimumab vs. conventional therapy demonstrated that no variable, when altered, produced an ICER greater than £30,000 (except when the time horizon was limited to 1 year) ( Table 3 ). The effect of an increase in the cost of golimumab after week 12 (from £2195.22 to £2853.79) increased the incremental cost vs. conventional therapy and produced a higher ICER (from £19,280 to £26,290); this estimated ICER was still lower than a £30,000 WTP threshold. Uncertainty surrounding all other variables had a minimal impact on the estimated ICERs. The one-way DSA performed for all other variables showed that the ICER of golimumab versus conventional therapy was most sensitive to the drivers shown in Fig. 2 .
The 10,000 samples run in the PSA produced an average ICER of £18,291 for golimumab versus conventional therapy. The cost-effectiveness acceptability curve estimating the probability of golimumab being cost-effective vs. conventional therapy is displayed in Fig. 3 . At a WTP threshold of £20,000, there was a 57.5% probability that golimumab was cost-effective. At a WTP threshold of £30,000, there was an 86.5% probability that golimumab was cost-effective.
DISCUSSION
This economic model was designed to evaluate the cost-effectiveness of golimumab in treating The robustness of the base case analysis was supported by extensive sensitivity analyses, where the cost-effectiveness of golimumab was relatively stable across different scenarios. Golimumab remained a cost-effective treatment regardless of whether BASDAI50, ASAS20, or ASAS40 were used to define treatment. The oneway DSA of golimumab vs. conventional therapy demonstrated that no variable, when altered, produced an ICER greater than £30,000, which is the WTP threshold typically applied by the SMC. This analysis has several strengths. The short-term decision tree and Markov model were designed to capture the unique aspects of nr-axSpA and the treatment pathway in question. The short-term decision tree represents the clinical decision that can be taken at 12 weeks to either continue or discontinue treatment with TNFis. This is in line with the Summary of Product Characteristics of the TNFis [16, 17, 28, 29] , which states that clinical response is usually achieved within 12 weeks. The Markov model then depicts the transitioning of patients from one health state to another based on disease progression and age-/sexspecific mortality rates.
Secondly, a key data source for our model was the GO-AHEAD trial, a phase 3, randomized controlled trial comparing the efficacy and safety of golimumab with conventional Fig. 3 Cost-effectiveness acceptability curve of golimumab vs. conventional therapy. WTP willingness-to-pay analysis conducted in a population which reflects that of Scotland and all relevant comparator treatments from a Scottish perspective were included; moreover, the model incorporates variables that are relevant to Scottish clinical practice, such as using the BASDAI50 response to determine treatment response in the base case scenario. Our analysis is nevertheless subject to limitations due to a lack of available data and the model assumptions. There are no head-to-head trial comparisons for the other TNFis with golimumab, and the relative treatment effects were obtained from the NMA, which may have introduced some uncertainty around the clinical benefits of the TNFis in the model. Given the overlapping confidence intervals for efficacy between the TNFis, comparisons of cost-effectiveness are unstable and may not reflect real differences in cost-effectiveness between TNFis. This is caused by the methodological limitations associated with combining data from different trials within an NMA and a relatively small network. However, since the main comparator in this analysis was conventional therapy, this is less likely to have an impact on the main outcomes. And we have examined the potential effect of such uncertainty on the ICER in the sensitivity analyses. In addition, our model assumed that patients receiving different TNFis had the same baseline BASDAI and BASFI scores at the time of TNFi initiation. It is possible that in clinical practice, disease severity of patients choosing to initiate one TNFi differ from that of patients initiating another TNFi. However, current clinical guidelines for management of nr-axSpA do not recommend one TNFi over another based on patient's BASDAI or BASFI score, therefore, we consider such an assumption reasonable in the context of this cost-effectiveness model. Our analysis also did not consider the wider benefits of patients receiving golimumab. As the only once-amonth self-injecting TNFi, golimumab may reduce productivity loss in patients with nraxSpA, as all other comparators require visits to a medical facility for IV infusions. In addition, in the UK, patients who receive golimumab treatment are also provided additional patient support programs, i.e., homecare services, and consequently reducing health system resources. These productivity and societal costs associated with nr-axSpA can cause a significant economic burden. Thus, inclusion of those wider costs may substantially further reduce ICERs compared with conventional therapy. Furthermore, mortality rates used in the Markov model were assumed to be the same as for AS and these data were taken from a single study [21] . This was the most current data available during model design. Newer data from a larger cohort suggested that SMR for AS were very close to our original assumptions, but the estimate of SMR for women was slightly higher than assumed in our study [37] . However, the results from DSA were not found to be remarkably sensitive to variation in mortality rates.
CONCLUSIONS
In conclusion, golimumab was demonstrated to be a cost-effective treatment for nr-axSpA compared with conventional therapy from a Scottish perspective, with an ICER of £19,280. Golimumab remained cost-effective throughout a range of sensitivity analyses where key assumptions were tested.
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